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ABSTRACT : PROBLEM TO BE SOLVED: To prevent the inversion of a conductive type of an n type 
channel formatiori region due to B(t)oron) diffusion. 

SOLUTION: B ion implantation is carried out into an n- type epitaxial layer 2. and then the 
layer is subjected to an annealing operation to activate B and to form a p-type base region 
3. And a surface part of the epitaxial layer 2 is reactively ion-etched{RIE) down to a high B 
concentration to have the base region 3 exposed. Thereafter the epitaxial layer 2 is 
subjected to sacrificial oxidation and an oxide film formed by the sacrificial oxidization is 
removed to eliminate the damages by the RIE. The sacrificial oxidization step causes the 
regions 3 and 2 to have good surface crystallization. Thereby, even when a surface " 
channel layer 5 is fomned on the base region 3, ft pan. be avoided that B does not diffuse 
into the surface channel layer 5. 
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X. pso^-:^^is (3) mmt&imt. 
mizm-ri> t^iz. mt<-p.m.m^ x 0 tavern 

Mt^^mi^^<01^miz H yW& ill) 2:m& 
-k -5 T fsr^B -a-s i: i: f -S^^^ 1 

b -r ^ ts^3 izim<7)^{mm^t^ms(rf^::^ 

ai§-ti.xsr*tfr b ^nmb^^mj^ 1 tjea io 
t ^-rtii)^ 1 ':>iz^cr>miiMmmi^scow^m, 
til 6 ] mu<-^mmnaimiomiz^ mss.^ 
mi^^<7)mm^m<t Lxnitmzm^t?>xmz:'t^x 

^^^ZbmWLbi'm-:mi7bm5cr)\,^-ni^l':>lZ 

in^^7 3 ^^m/zi7)±mmb mimx'hi>m 
mss.^mi^mui^^mm±izm^-^ix. itriE^^^s^s 

b. 



i«nswftJio^;ga5om^^i^(2B*JH-e>'^'$^i 

m^<'-7.mm<om]sumMmmzm&^i}.. sk- 
xmM<7)m^x^ {,m^^nm<r>v-xmiii (4) b. 
mz<-xmm(o^sum/Bm^i^isb z-sicj: a 

(5) b. 

MiMm-l-'^A-Jl'M^Mmizm&^iiJ-^i)'-' ht&SM 
(7)b. 

mi^-:^w^zm^v-xmmzmsthJ:o tzm 
si^tLf^v-xmrnno) b. 

1) b^^jL. 

ffe^#Sfil<Di?;?i^iaifc:tjViTI5EBOigs&&»\ M 

nmmx-muatxa^. mzK-xmt^i:,mi^ 

mx'm'-Lx\e^?>zbz:mibti,^i\:^imii!m 
a. 

[n^s 3 ±^Mfz<o±.^mbw^mxhhm 

b. 

smmii^m^co^mm±izm&^tL. mz^imis. 
ME^iiimirimm^com^mmzBi:^ h- f>'^^$ii 

TS^^ii. m^SF.$2:^r-rSpS<0^-;:i||i^ (3 ) 
x^l^iOgg§j:>31>^l^nSc7)y_;^^j^ (4) 
(5) b. 

(7) b. 

mir- h^m>±izm&^tifzy- hw^ ( s ) 

b. . 

m^^-:^mm.■^mnv-mmzms^thi:o^zm 
&^ixfzy-xism. (10) b. 

msi^i^ms,cr>ismizm&^tit: HP>f ym ( i 

Db^mt. 

ifhim'^-:^>imp^<ows^B(ommbmiimm'f-^ji^ 
ji-mniomB B c^xmm b msi'^-7.miiib sm 
^i^ssbi^m^t-miSiBizmimn^-xmmicov! 

i>iz^<Kc^xi-^^zb^mibti>mmm^i^ 
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[00013 . 
to 0 0 2] 

wsmj^^^-MosFETtfi^m^nms, e.si. 7 
6 2^mmmizmM^tix\,'^h. zcrrnmmjvp-Mo 

SFE TimeiZ^, iCD0{C^$it&y\-'7-MO S 

<^^izmsisi(on- mmmmio3^sLs.L, ztoa- 
mmmmi 0 s^-f-r^vw^BSt^tst ltv^^. -et 

4>n- mms^iosmz^^imif^x^izL. z 

1xh<^tESM^zX n- Wmm 10 3 icSBfl^^gggS. 

S F E Ttcit LT jT >1^<0fiJi$-^r> T Ui, . 
[00 033 wO^f^-MOSFETTtt. pS^-X 

\ n- Sxtr:?=^£^^/p^ 1 0 40W^Sg$^-C^v$it 
i>Xo(,ZL. n- Mxf:J'^i^-v/l'Jil 0 4(7)^ai^ 
S|-r«r fcTn- S^MJS 1 0 3 S-J^filcLTV^l,. 
[00043 

3S:«fi!t^l.n- Sxt^'^i^^A-JSl 04<D^S15(C 
fe&t. n- MIP^l 0 3^«i^-rSSPihi)<pSl:K 
KUT L^t\ K^cO^N*!7-MOSFETtci:r)TL.- 

[00051 ^^mitiM^mmizmp^x^^ti, b (df 

[00063 

( 1 ) (D^mmtiz, Zi7>im^mts.ii 0 i>'S 

ALT> pm«7x-a^i^ ( 3 ) ^m^-t^zmt . < 
wtittzi-^xT^fmim^rm^i-txmb. 



±i:y-h*esK (7 ) %:i!tLxr-hmk (8)^m 
^-thjim t . ^-^mmt.if^/-p.m.i&i,z-mtth y 
-xmsE (10) $:5gfig-rsis^, ^mi^^ffms 

fflSt KU'f (11) S-J^f SlSk . ^^x.X 

^^hZLt^«mtLX\.^h, 

[0 00 73 wOJ:atr, PMcOK-xm^ziilts^ 

xx:tfi^^-'^^^m.^^hzbi)n^% . K-xmi 

izx'ti>. tti^ Boii|]grD7T'f/i'$^^®f-fr^.;p 

[00083 ttz. n^2lzfmi7iX o\z. -{^y^ 
XUv:BlriStt'n:rr.-/i^f-&J©-&. 9VmM (T-^h 

-thifi. 'imsmzii*)BmsLff>iSTLttm.m^^-r 

^cr,X\ i CO J: 0 Kcm^Xi> Bff>mS.ru7 r /U^9t 

[00093 mi:m3 lzMm^^^mzti\,^x^i. mm^ 

'^^■^A^^lzX'yXmm-^bmz. CKbxtrr^^fv- 

■rfi'm.-^cr>mio&&izir>xBi-sm:^-ti>zt^'^ 

p X frJ' ^ i^-r-'t-^^^coag-C-B Sr^gtt-ftS-Wx 
{f. BiO*g14^Tx-;j,tSraf-^;t>;L,ji^5£$.^^.^ 

[ 0 0 1 0 3 11^314 J: -5 iz. ms^^^- 

/t-ii«-m-rS7t:i^>«oxf:J'^i-A-;i^BSt;K$-. eS;*^ 

3&>*m$iiS J: d (;T-§ S . ft^Jl 5 (clBSSO^Bjtcis 
^^:^yji'y^y^'t&ztizj:i). K-x^mco-j-h ^ 

[00113 COJ:e.t2^fi^5r>'X"/^>:?'(-j:^ 
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[0012] mmizm&<7)mizti^'>xti. 

^1BfSi•tlXm^:'t^X'\'^hZbt:mSitlX\,^h. ^ 
iiim<7)m(omtX'nii>t:i6, K-:^mULizm 

ft*. 

[0013] m^m7iz^mmizii\.-^xii. ^^m^ 
mid) (OBJ^ijj^iziiK^xBffMmiK mmi-^^- 
/i-® ( 5 > tf^h^-^m^ ( 3 ) izif^nxitM^m i 

1 (ofmi: o i«^$^»2 o^^-cafej^'U 

(^m^i3\^izti\,^xB<^-i&m)K mw'f'^^-fi'mi}^^^ 
-xmmiz:i)^n:^^j:f^i(omx'im-n>xoiz-rh 
' :itx\ mmi-^^^ji'mt<-:^im<r>m-mzB<^ 
mamw^M^iz^^t Lt: t ff)izx^ , nmizmm^i-r 
^-ji^^ y-^ u:tym(mmizti z t ifix'% * . 

[0 0 14] tti. m^'ir'c^^}VtK^XW$.<^mfr\>Z 
B0>mLruyr^}\^^^\zLX\-^m}i>y- 

h, ^w.-m.c^^-fzmzii^^xB(r>mmK 
^-xmm^i>^wm\zi)Hixm i cr>mmi: *) i>w^ 

ii^j:^ 2 ff>mixmrth i o \Z-th Z-tX. ^-TM. 

m&z: [^±^-tt Z t ti^X% h . 
[00 1 5] H^JSSlClsaiOlgHaicfcv^TIi, ^--^ 
( 3 ) t^mi-^^^m ( 5 ) 0^|?SEj£^tci3{t 

0 . ii*^ 7 4: nmm^imti> z t m-t s . 

[0016] 

imimmm) muz. :^mm<ommtzm^y-'? 

0 :t7 S^J n -f^-s- rr U-i-SM O S F E T 



[ 0 0 1 7 ] 0 1 tUI-:J»r>t" affiv'^y-M O S F E TO 
mkiZ-oi^^XUm-tl , ^fl^*^^^r^n* M^l^i"!! 
^ 1 (iiffi^ia® 1 a 4: i«®i05it®t'?>l. 
TfflarS®lbi:LTVi^. COn* M^#S^10 
1 ailcti. SKI J: 0 iffit^K— ''«>'h2iE2: 

[ 0 0 1 8 ] n- SxfJi 2^^^®a5t3i3{t-i.mE^« 

Tl->S. iOp- a'<>~a««3^iB*l^-7^:^^^:L 
Xm&^ixXa'O. «1 X 1 0"cm-3JJLhO«Ki:^r 

[ 0 0 1 9 ] $ ^H. n* Sy->^fi«4 i: n- gxi: 
®2i:^S<'J:dt;. p- a'<-;^^i^3<7)|l®»i 
n- MS i C15*qi£m$irCV»5. ;<7)n- MS i C 
®5(i. JLiijf^i^^jl'^-^lZXm&^tlfchiOXh 
0, xtr^':^^i/+;i<K<^Jb&f4H, 6H. scoto 
«rfflVi&. C<On- MSiCJl5{4TA>fJi<0»f^ 
i^tc^^^wl^fiyii: LX^m-^, WT, n-. SS i 
C Ji 5 a:«®-^A- ;t>;PJi t 0 . 

[0020] «ffif-r^-/l^«5(4N (^) 2r H-/>*>' 

7jfl XI 0i6cm-3~l XI Oi'cm-smgiDffiiSe 
T\ n- Mxe®23tlXp- M'^-:^^1S30K 

♦ ay-:^«i«4 (7)±mizii!m<tizx hjstm i 

-f^8^T^fl£$ilTV^S. ^-'-h€^8Jii^lg|9 
tXSi^il-CC^S. f£Sli9tUTLT0 (Low T 
emperature Ox i d e ) K*^fliV^4>iiTlr'i 

h, ^o±t{i:y~;?.m^io*Jj^fi£$ix. 
lOtin* Sy-^liJ^4*5j:l^p- M'^-X^l^Si: 

K W'-f >'m®i 1 1 mm.%ixx\-^h . 

[O0211i>:tr. 01tC5^-fMOSFETt^«2jtIS 

CI12 (a) (C^-rxmD t-f. nM4H^/i{J:6Hi 
fdiSC-SiCSK. -r^i^^n* 
ffiS^-S. Cli-C. n* S^«cS«H4'?<^jiS*«4 
OO>imTl>0:±^®la»J (000 1) S i®, X 
\t. ( 1 1 2-0) affirms, ^fosmio^^si 
ai;Jl$5/zmOn- Mxtri2 zrXtr:?:*-^'^;!^^:^ 
t^, m^X'M. n- Mxt:a2{iTiSO««lJ:|Sl« 
iOSSa'at^'fl^il. iiS4 H tfdt 6 H t^li 3 C - S i 

[0022] CI12 ( b ) n- Sxt:Ji2 
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mi. f&sifiioQx:. mmsifiAQo. 350.2 

70, 200, 140, 9 0, 55, 30keV, 

^ixow&'^iznm-th K-xs*»'i . 2 X 1 o»6, 

1. 1X1016. 1. 35x1016, 1. 2X1016. 
1. 0x1016. 7. 5X101*, 5. 5xi0>«cm 
-*i:LTV^S. wiltCi D, n- Sxejg2^^®*>i5 

[0 0 2 31 SilKHfcLT, leoox:. 30 
tCiO, n- Sxtr®2<^®J:0 tl^i!(:, B*<jiX 

- Sxt:Ji2<^ffl*»4>?l-Si5i£it (out d i f f u 
s i o n ) Aifii 0 . n" Mxt:Ji2O^a5{CB<0« 

[00 24] Cia2 (c) t;^-rxsD RI 
E(Reactive Ion Etching)(Ci 
0, n- Sxt:«20S«a52rXyf^>^^LT. B 

^ 0^^1%jgK*»*^t->l35t»-2rSiiJ $ -frS . r OR I E J: 

[00 2 53 -e^O^. lOSO^, 5^|SlO«mKfl:Sr 
no. CixHiO. R I ElcJ:S:r^-i/ji*J^$^t 

n- Sxtrfl52<D^*»4>J1-jaa£ 

M^S ar-t-t? n- MxtJi 2 ioaSJi.- ig^^^^ir^® 

[00263 CS3 ( a ) tc^t-rig:) p- M<-XfS 
J^3«:-^tfn- Sxe®2±H. Bofif:Sc*s?P$!l$il|. 

ms^oiaKT-*^ 15 0 ox:, 3 o^j-tfoxtr^df-j^^;!, 

( mm. {t^SktSA^m ( C h e m l c a l V 
apor Depos i t i on : CVD^) ) 
*) . ^*€%^S*«1 X 1 0i« c m-sJilT, M^*»'0 . 3 

[00 2 7] i<Oi:#, aS>'f'7-MOSFET€'y- 

^ pS<-;^^tg 3 ^» ^.^fflf-^- 5 {^J[i;3i?J.& ^ 

m(^VM.b , y- KK-fbiK7*»4>mf-<-^rvpjB 5 (2 

[00283 ^^jcetJUi, p a^-;^^i^3 



.J:-?Tj^$ii. y-hK<hli7*»ii,^raf-rJTwi^^5 

(oa-mm^^tzx^xm^^tihtzib. ;:n4.tcs-:?v^ 

[00293 0 — 7 y jJ-^SOjfiffi/t^-M 
OSFETJ4, telt=5:i:CJ:-:>Ty-h®E{:^£E*JEP 

olz. pM<-;^®i^3{4, y-;^^l Oi:jifi!l!tT 

5 i: pS<-:^^SiS3 tiDP Ng-^c^hVUh >mfiES- 

mif, pS<-A^lS3;&i^$ixT^r<T7a 
. -'r^yi^^MtKi'^X\>'*hm^lzii. tVPh>f>^EE 
: ^f!IfflLTpS^-j:^^JS3*»4>^^^Stff i:t^d 

[00303 55:*!, pM-^-xm^Sc^T^mimin 

. «iiS^>C7-MOSFET2rgJitT(r^?,**. ;n$-£^'; 
3:^SrffiV»TaBiLJ:oi:f pS'<^-;^^1^3^ 
a®^^^-7l^JB5^<0^*e!|UJB2:Jg»S!tf &BI(CfettSSl 

U :t 7M<0M O S F E T ^SJt^S b if^W 

ii:t=:J:»?, i^v^y^m\>-^t:^bit^xfsm&<m 

N-^-M O S F E T S-gji^?, r i: $ . 
[003 1 3 ^;^C:,.y-'7Uyf7S<0»(«S-'"C'7-MOS 
FETt=-rS^i6(Cl4, JJ^frSriH/c-f J: ^ t^H-?^ 

;t'e5tfOJ?;V2rS< Lfc0^i$!l^5M«^^< Lxrn^L 

L*» L'5r*»% , S i C 2-ffii->:^^-^t:j±t> h >^ 

m<ttz*)^mmmt:m<Lxmmx'^^t::i^. j- 

[ 0 0 3 2 3 w ,1 1'. ara^-Y ^^/l'^ 5 pS<-xli 
JS3S-*trn- SxtrS2iO«lil;j^BStLTV^S*»', ± 
fB«lttiS'fla:^(Cj:-5TpS'<.-^,^lS3a-&trn- S 
xtrM2oa®iOgB^H<S*JiHlS$iiTv^l>;;:*^, ::<7)± 
o«Mf-^ ^-^i-Ji 5 4. ^Bm&^S < =Sr I. , p a'<i- 
:^^3rt^DBAS^f-^^^/^Ji5t^^)^ OifiliL^: 
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[0033] -ftch-h. pm<-xmmizmi bco 

i^^zm:th^^Ti>ii/(. pM^-:^ffi«3$-^tfn- 
[00343 :i^Wm(OJ: o t:«H4iEfla:S^iT-?7t: 

>^-;PJS 5*»4>oag§ i: B<OTM^i&m-}^^C0S I MS 

[00351 ^rtJ. p* S»OtlXp- Mxe^if v-^ 
/I^Stli, K-n>bi:tTAl (T/PSX'^A) 

[00361 a i t^m.^^^^ 

Mx^tt . mAmsTA 1 <^!RmBi3fmMtz:k 

^KKoXis*}, c:£oai§A<r)C5:57ji4^®f-j5.j^;pjf 5 

b pM^-X«1S3 t (n^^rX'hh ; t , - O 

v^S. ^LT. ai$AfcfeiiTliii£^rffi# (±#^rll) 

^^#fcLTSg$Aj:0air^;5-Jilxi 0J6cm-8. U 
V^S-til X 1 0i«cm-«t:5rr>Tl^S. 
[00 37] C-^^i^:m*>4>i^h&»*J:5C. pS^ 

t ^^r V ^ i J: 0 (c, B J t ^ v-^i ii-C (, ^ n S 

^fz. ±lty-^ 0:tym.<r>U6SFET\>Z-t^t:li^lZ 
ti. ^raf-^'jN/t'SSfcpS'^.-jJ.^lgSOT^MI^jjes 
**^Sttw^fl:U7tt<^ (ab rup t junctio 
n) Thh:Ltim^^tLi>ifi. mLtii:oi.Z^ «M 
i-'T^-fl^mstpm^-xmMScrt^miziiUX. Bay 
^ij^-^Mt^ZS^h •;> T V ^ ?) . jffiitc M O S F E TS" 

'1.® 5 i:<-7.fel«30ii|'r(ciiJit2. B^^SKT-n^ r 



100383 C:<K4y-'7i;;j-7t^5C:i:Ty->^. 
h'^-<^IS)x^vPdEr-|ifas.f^4t<^T'&0. ioxi 

}^^-'nmMP¥i^co^m(mmzm-L. ttip 

N^iOS^JgOf^t BO^ro 7 r /vizm- 

K-r^zbt/^x'^^, 

[0039] $ii>t2. il5$rl.T;V|,fc. g^^AiOt 
^(r^iaatcfet^-C. ^^SA{cti{ti.B^oiilSi7)^fl:j:0 
(/hS^rJI) 2:t-5TBi^aiig*J®TL 
X\>^^Zttf^tf^h, Z<7)Ber,mmmTLtzfmi, 
pM^—:^mi&3<r>&mb n- Sxtif 2 i: O^^rSCS 
.atZffiSLTUS. i<0^|fai3a{Zii{tSBi7)jg^- 

Sfcn- Sxe;g2t:J:r>T?gjS$ii^PN#-^tc®t/r 

[00403 CI2I3 ( b ) tC^XSD iJrtc. 
;^;Pii5O±i0B'f^^igtiLT0JK21S-E{fL. 

7 0 or, K-Xil4lxiOi6cin-*i: 
[0041] CS3 CO C^-rxSD ^-UT. LTO 

■fr4^7l'S5«D±om3tfS«(CLTOK22S-SBL, i 

ii^^::^^'i:LTRI EJzJ: Dp* S'<.-7.^iS3±i5> 

C04 (a) tz^xgj LT01g2 22-^L;tS. 

-«-/;?^s-irtf) izxK>y-hmm7^m&'ti, z 

£0 1 # . #H^g{4 1 0 8 or i: f S . 
[0 04 2] -^-O^. i^-h^JK70±{2.1fi;>'i;3 
MSSS ^ L P c VDtci 0 JtStti. . 
iioh § o^HiSjgJS 6 0 or 1 1-^. . 

CS4 (b) {C^-rXg;) ^'-hmiiiJK7tO 

L^-Kfeiia!l7^a!5. j:OS^L<{i. «^i£g<i4 
2 5 rX'^ 0 . BSlK^t:: 10 0 0 r^DTx-;^^^}f •$ , 

[00433 mA ( c ) (c^-rxs:) lt. migT- 

O^JR^^x- -y i D y-^H^ 1 0 St/ K U'-f 
>^1 1 IrESfS . ^M^twl 0 0 or^OT 

M O S F E Ti)<^m- ZiTiiio IZ^ Lti^'vp 

-MosFETof^M (mf) ^rmmti, 

[0044] *MOSFET{±y--7U5j-7Mi05?|^ 
It. p 3 i: mSi^-T 5 i: iDiao»« 
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itmm^(rmtf^m>h(r>wtmKff>mzx oath's, 

RBSti: t:^c i: & . m 1 3 Ott^JBRfOH^fra t 

T . ^®f-^ 5 n SO:'? ^ 'J T ^^it-fh^. 
tern 1 ~m3 Ott¥KStt«ra^^^^;PJi50:i^!fea 

[004 6] II:^. :t7«StiJ»r^T, SS^lSJi. P 
-h^K (S i Oi .) 7fc«iS-?>^3r-/U«5i:0[g«^ 

*>4>n- SxtrJi2tc:g£fL|.. -etT. n- SxtJi2 
«1 (n* KP'f -^Stttc^S, 

C O 0 4 7 3 cloj: 0 tzy- h^siziEfymE^ma 
^S-e. y-;^^l Oi; F W>-SS1 1 b<7)!SI>Z 

X .y ^ yyxm z:mi^l.X\>ytt^. MiRlE iz X o 
Tn- m:Ji\::!B2cr>mmS!icom^m<i-i>ZbizXr> 

I EtzXlzsi-y^y^rj:m^^j:< LXi>±B3m^'^h 

zbii^mx'hi>, 

[00483 (msmmM) iMSMiimimmrcii. 
■^■r^^/i-m 5 ^m&'th^<7)x.'c^ii-i^ffji^<7)mz 

^^ilS^TX-^htihfzib. CKOxtr^'df.i^^;^^ 

<^s&X'T=:-/i'^^mm^i<7ixi> s> . 
[00493fit, z<o^izis\,->xi>^ mm^-^^ju 
m 5.^mm-ttmtz^mm{\:jM^mi& LxuKsmufi 



S>*). ZeoJ:o^^mmitIMi:mLxmif. pM^ 
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